galaxy-wide IR surveys of the LMC with Spitzer and Herschel, some ∼ 3500 Young Stellar Object (YSO) candidates have been identified through color-magnitude cuts, morphological inspection, and spectroscopic follow-up observations (see Methods). From these YSO candidates, we have identified a subset of massive YSOs (MYSOs) that are well characterized by YSO models. This MYSO catalogue is tested to be complete for massive (M > 8 M ), young ( 0.5 Myr) objects, and this data offers a unique snapshot of the most recent massive star formation activity of the LMC 10 . In Fig. 1b , we overplot the H I map of the LMC with the location and clustering of YSO candidates found across the galaxy. Several obvious clusterings stand out: the stellar bar (which likely contains many false positives; see Methods), and the well-known star forming regions 30 Doradus, N11 and N44. In addition, Fig. 1b reveals a star forming complex in the relatively unexplored southwest region of the LMC, which coincides with the N79 H II region 11 . Figure  1c plots the subsample of MYSOs over the H I gas at a velocity range 257 -270 km s −1 , which highlights the tidal arms of the LMC. Most interestingly, both 30 Doradus and N79 are perched on . White contours show CO clouds from the MAGMA survey, where we identify three main CO sub-complexes: N79-South (S), N79-East (E), and N79-West (W) (c): The CO-based (filled black contour) and dust-based (grayscale) molecular mass in N79, overplotted with the location of MYSOs (inverted red triangles; size reflects source luminosity). Also plotted is the H I gas (blue contours). While CO peaks in distinct regions, harboring apparent clusterings of MYSOs, the entire complex is bridged through molecular gas as traced by dust, which is sensitive to the extended, more diffuse envelopes of GMCs 32 .
the leading edges or 'tips' of the opposite tidal arms E and W, respectively. The N79 H II region pales in comparison to optically bright star forming regions such as N11 or 30 Doradus (Fig. 2a) . Hence, N79 has not been the subject of any prior high-resolution study. However, our IR observations trace the younger, more embedded phase of massive star formation and unveil that the N79 region is a highly efficient star forming engine, exceeding the star formation efficiency of 30 Doradus and N11 by a factor of ∼2.0 -2.5 (see below).
Spitzer and Herschel dissect the structure of the complex, spanning roughly 500 pc, and harboring three main CO complexes: N79-South, N79-East, and N79-West (Fig. 2b) . The 12 CO (1-0) tracer is known to probe a limited range in volume densities of molecular gas because of critical density, depletion, opacity, and photo-chemical effects. In addition, at the reduced metallicity of the LMC, a significant part of H 2 may be in a 'CO-dark' phase 12 . By combining far-infrared dust emission and H I one can circumvent these limitations and estimate the H 2 distribution 13 . The dust-based molecular material (Fig. 2c) shows that the entire N79 region consist of one single molecular structure of ∼ 500 pc. This unusual large size may be the result of gas accumulation and compression at the tip of Arm W. Star formation concentrates within the molecular material, with apparent clusterings in the CO-emitting clouds (Fig. 2c) .
At the heart of the large-scale N79 complex lies an extremely luminous object (Fig. 3a) , which immediately draws parallels to the central cluster of 30 Dor, R136 (Nayak et al., in prep MYSO or compact H II region discovered with large-scale IR surveys of the LMC 14 and Milky Way 15 . This luminosity is equivalent to more than three O3V stars of M ∼ 70 M 15 or a single very massive star of ∼ 160 M , using the mass-luminosity relation for upper-main sequence stars 16 , L ∝ M 1.6 (at M 70 M ). We measure the star formation characteristics of N79 within an aperture of increasing size centered on H72.97-69.39 and compare this with 30 Doradus and N11. The total SFR MYSO is obtained by counting MYSOs and using an initial mass function (IMF) and characteristic age (t 0.5 Myr; see Methods). We then compare SFR MYSO with the SFR measured through Hα and 24 µm emission, SFR Hα (see Methods), which allows us to compare the average SFR over the past ∼ 0.5 Myr and ∼ 4 Myr, respectively. Figure 4a shows that N79 matches the current SFR MYSO of N11, while being a factor of ∼ 2 lower than 30 Doradus. N11 is currently exhibiting a second burst of star formation 17 and shows SFR MYSO ≈ SFR Hα , thus sustaining its average SFR over the past ∼ 4 Myr. 30 Doradus shows SFR MYSO < SFR Hα , consistent with its inferred star formation history, which dramatically accelerated roughly ∼ 7 Myrs ago, peaked around 1 -3 Myrs ago, and is currently decelerating 18 . Conversely, the SFR in N79 has significantly increased over the past few Myr (SFR MYSO > SFR Hα ) and has yet to reach its peak star formation activity. N79 may The inverse of the gas depletion time, SFR/M gas , where the gas includes only the molecular component. The error bar shows the absolute uncertainty, dominated by systematic uncertainties in determining the molecular gas mass. However, the relative uncertainties are expected to be lower (see Methods). (c): Same as (b), but now including the molecular, neutral, and ionized components. therefore be in a similar accelerating star formation phase 30 Doradus was ∼ 7 Myrs ago.
By dividing the measured SFR with the total gas reservoir surrounding the star forming complexes, we obtain the inverse of the local gas depletion timescale, SFR/M gas . This quantity provides a measure of the timescale to exhaust the available gas reservoir at the current SFR (assuming all gas would be converted into stars). While the molecular clouds in the LMC are associated with H I envelopes 19 , it is unclear which fraction of M H I will eventually be available for star formation. Therefore, we consider two cases. First, we take M gas = M H 2 , i.e., we only take into account the molecular (dust-based) material (Fig. 4b) . Second, we assume M gas = M H 2 + M H I + M H II . By combining the molecular (dust-based), neutral, and ionized gas, we attempt to estimate an upper limit to the available gas reservoir for star formation, while tracing gas which may have already been disrupted/dissociated by the ionizing radiation of massive stars. In both cases, it becomes apparent that N79 is the most efficient site of current massive star formation, exceeding N11 and 30 Doradus by a factor of ∼ 2.0 -2.5.
The total SFR in the LMC from MYSOs is 1.8 × 10
measured through Hα (see Methods). A percentage of 18%, 9%, and 7% of the total SFR MYSO originates from a ∼ 0.25 kpc radius centered on 30 Doradus, N79, and N11, respectively (a 0.25 kpc radius area subtends only 1/400 of the total H I disk 6 ). These numbers will likely increase for N79, and decrease for both 30 Doradus and N11 (see above). While the absolute SFR MYSO of N79 and N11 do not differ significantly at R 50 pc (Fig. 4) , the star formation efficiency of N79 (through MYSOs) and 30 Doradus (through Hα) are elevated compared to N11. This may suggest that the location of 30 Doradus and N79 on the leading edges of Arm E and Arm W positively influences the local star formation efficiency.
Could the central object in N79, H72.97-69.39, eventually evolve into a SSC like R136? The total luminosity of R136, L tot ∼ 7.0× 10 7 L 20 , is currently at least an order of magnitude higher than H72.97-69.39, L tot ∼ 2.2× 10 6 L (Fig. 3b) . With a formation period of 5 -10 Myr 18 , an average SFR of ∼ 1 -2 × 10 4 M Myr −1 is needed to create a 10 5 M stellar cluster, which is a factor of ∼ 1.5 -3.0 higher than currently observed at the heart of N79 (Figure 4 ). However for MYSOs, t may be lower than 0.5 Myr 15 , which would increase our SFR MYSO estimates through SFR MYSO ∝ t −1 (see Methods). The properties of the surrounding gas reservoir also play a role in developing H72.97-69.39. If we assume that the (molecular) gas in N79 is gravitationally collapsing together with a formation timescale of 5 -10 Myr, a star formation efficiency per free-fall time ff ∼ 0.27 -0.75 (0.50 -0.90 when limiting to the molecular gas) would need to be attained (see Methods). In this regard, values of ff > 0. 50 27 . In this regard, our findings on N79 and H72.97-69.39 highlights the importance of high-resolution IR observations to unveil the earliest phases of extreme star formation. The unique location of 30 Doradus and N79 suggest that the crossroads of spiral arms and galactic bars-ends may provide the right physical conditions to create massive clusters 28 . However, other factors that may play a role are the areanormalized SFR of a galaxy 29 , accretion flows 23 , or tidal interactions 7 : observations suggest that R136 formed after a recent collision of distinct H I flows, which were initially induced by the last LMC -SMC interaction ∼ 0.2 Gyr ago 30 . Because of the proximity and face-on orientation of the LMC, ALMA and JWST will allow to spatially resolve the formation of this candidate SSC down to 0.02 pc scales, which may reveal in exquisite detail how extreme star formation ignites and proceeds in the current and high-redshift Universe.
1. Barger, A. J. et al. Submillimetre-wavelength detection of dusty star-forming galaxies at high redshift. Nature 394, 248-251 (1998). astro-ph/9806317. 10 , but the essential points are discussed here as well.
YSO candidates are identified through careful selection criteria (e.g., color-magnitude cuts, morphological inspection) tailored to minimize contamination from sources such as planetary nebulae, evolved stars, and background galaxies. Contamination estimates range from ∼ 55% 40 to ∼ 10% 14 . This means that in regions of high source density (such as the stellar bar), a relatively large amount of false source candidates can be expected (see Figure 1b) . However, contamination levels vary between the faint and bright end of the YSO distribution, as faint YSOs overlap more with the aforementioned contaminants in color-magnitude space compared to their luminous (i.e., higher-mass) counterparts. For high mass YSO candidates, the contamination from evolved stars and background galaxies is shown to be 20% 43 . However, in star-forming regions the contamination becomes negligible (< 1%) once SED fitting criteria has been applied.
We combine the high-probable YSO candidates from the aforementioned studies 14, 40, 41 and subsequently fit their spectral energy distributions with YSO models 44 . These models (2 × 10 5 in total) cover a wide range of physical parameters for different stages in the YSO evolutionary path, often divided in Stage 1 (least evolved), 2, and 3 (most evolved). The stringent color cuts used to separate out YSOs from fore-and background contaminations renders our census of Stage 2 and Stage 3 sources incomplete. However, these sources are largely irrelevant to this work since we aim to probe youngest population of YSOs, i.e., the earliest stages of (massive) star formation.
The age of Stage 1 MYSOs is estimated at 0.5 Myr, which is the most recent value obtained for the observationally-derived 'Class 1' low-mass sources (which largely overlap with the theoretically-based 'Stage 1' sources 45, 46 ) in the Gould's Belt 47 . It is not clear whether this value applies to massive stars; the absolute durations of the starless and active star-forming phases for massive protostars is highly uncertain 48 . In addition, the accreting phase for massive protostars may decrease with luminosity, possibly reaching 0.1 Myr for a 10 5 L star 15 . Indeed, massive stars are expected to evolve more quickly than their lower-mass counterparts, and the assumed age may therefore represent an upper limit to the age of these systems. A younger age would impact our results by increasing our SFR through SFR ∝ t −1 , where t is the age of the YSO population. Completeness of the YSO catalogues has been evaluated through false source extraction tests for both the SAGE 41 and HERITAGE 39 data, and conclude that our catalogue of YSOs should be complete for Stage 1 MYSOs of M > 8 M (L 10 3 L ). We set the photometric errors to 10% in the 2MASS, IRAC, and MIPS bands, which allows to account for multiple sources of error (systematic, calibration, variability, photon-counting) 40 . However, as PAH emission is not incorporated into the SED models (which will alter the emission in the 3.6, 5.8, and 8.0 µm bands compared to the models), we relax our constraints and adjust the error bars in these bands to 20%, 30%, and 40%, respectively, corresponding to the intrinsic strengths of the PAH bands 49 . For the HERITAGE data, other sources of uncertainty were considered as well (background, PSF shapes) 39 : typical uncertainties reported in the HERITAGE catalog are of order 5% -20%. We only consider 'well-fitted' sources, i.e. those yielding reduced chi square of χ 2 red ≤ 5 with the YSO models. By choosing to remove sources above a fixed reduced chi-squared value further decreases our source contamination. However, poorly-fitted sources may also arise because of a bad data point, a mismatch in photometric bands because of variability, multiplicity, or inadequacies of the YSO models 40 . Therefore, we stress that a poor fit does not necessarily mean that the object is not a YSO. We ultimately end with a catalogue of 693 Stage 1 MYSOs (M > 8 M ) across the LMC.
Spectral energy distribution of H72.97-69.39. The spectral energy distribution of the central luminous source H72.97-69.39 was compiled from the InfraRed Survey Facility (IRSF) 50 , WISE 51 , SAGE 38 , and HERITAGE 39 . Its exceptional brightness and extended morphology causes the YSO model to severely underestimates its far-IR flux 52 . Instead, we use a simple two-temperature modified blackbody (MBB) function, where the temperature T , spectral index β, and scaling parameters are left as free parameters 53 . The temperature of the hot dust component, peaking at ∼ 10 µm, radiates at T 1 = 300 K (with β 1 = 0.8), while the cold component peaking at ∼ 50 µm has T 2 = 60 K (with β 2 = 0.8). From this, we obtain a total infrared luminosity of L IR = 2.2 × 10 6 M sun .
Mass determination. The mass in N79, N11, and 30 Doradus in the various phases of the ISM (Fig. 4) is estimated in the following ways:
1. Neutral atomic mass: assuming the H I gas is optically thin, the column density is estimated through N HI = X HI W HI , where W HI is the integrated H I intensity and X HI = 1.82 × 10
18
H cm 2 /(K km s −1 ) is the proportionality constant 54 . This can subsequently be converted to gas surface density in M pc −2 with Σ H I = 0.8 ×10 −20 N H I . We note that optically thick and/or cold H I gas emits disproportionately compared to optically thin H I. From absorption spectra it is known that the 21 cm line may be optically thick in the LMC 55 . Many studies have attempted to estimate the optical depth correction to the H I mass, with differences of 10% to 30% reported compared to optically thin gas 56, 57 . Thus, we adopt an uncertainty of 0.1 dex for the H I mass. 2. CO-based molecular mass: estimated through M = α CO L CO , where L CO is the CO luminosity and α CO = 8.6 (K km s −1 pc 2 ) −1 is the proportionality constant appropriate for the LMC 58 . The α CO factor is expected to be accurate within ∼ 0.3 dex 58 .
3. Dust-based molecular mass: obtained by subtracting from the gas surface density, based on far-infrared dust emission (modeled with a single temperature blackbody modified by a broken power-law emissivity 53 ), the surface density of atomic hydrogen. The creation of this map is discussed in detail elsewhere 13 , but the main caveats are reiterated here. First, the optical thin limit was used to convert H I intensity to column density (see above). Second, it was assumed that the gas-to-dust ratio in the diffuse and atomic gas is the same as in molecular regions. However, there is mounting evidence that this gas-to-dust ratio changes between different phases of the ISM, with lower gas-to-dust ratios in the dense phase compared to the diffuse phase 59 . Both optically thick H I and a decrease in the gas-to-dust ratio may lead to an overestimation of the dust-based molecular gas. These effects introduce a systematic uncertainty of ∼ 0.3 dex in the dust-based molecular gas estimate 13 . However, given that we are focussing on (dense) star forming regions only, these uncertainties will propagate similarly for 30 Doradus, N11, and N79, and therefore the relative uncertainties are expected to be smaller.
Ionized gas: H II column density in cm
−2 can be obtained by estimating electron densities in different brightness regimes 60 , which can then be converted to gas surface density in M pc −2 through Σ H II = 0.8 ×10 −20 N H II . The systematic uncertainty is estimated at ∼ 0.2 dex. This mainly stems from the conversion from Hα intensity to emission measure, which depends on the assumed electron temperature, which can vary 61 within a factor of ∼ 2, leading to a ∼ 50% difference (∼ 0.2 dex) in conversion from Hα intensity to emission measure 62 . Figure 5 shows the molecular (CO and dust-based), neutral, and ionized gas mass. Note that the total CO-based molecular mass in 30 Doradus and N79 are very similar within 100 pc. However, the dust-based molecular mass in 30 Doradus exceeds the CO-based material by almost an order of magnitude, indicating that the bulk of molecular material around 30 Doradus resides in the 'CO-dark' phase, possibly through the local intense radiation field from R136. The ionized gas content around the clusters both reflect the mass (i.e., ionizing photon budget) of the central cluster and the evolutionary state (i.e., embeddedness) of the region.
Virial analysis. The virial parameter, α vir = 5σ 2 v R/(GM ) 63 , where σ 2 v is the luminosity-weighted (one-dimensional) CO velocity dispersion, G is the gravitational constant, and M the CO mass, can be used to determine whether a cloud (complex) is bound and can undergo collapse, or is unbound, and may expand and dissolve back into the ISM. The critical virial parameter is α cr 2, with bound clouds having α cr ≤ 2. However, lower values for α cr are possible in the case of strong magnetic fields 64 . Figure 6 shows that the molecular gas in the entire N11 region contains extreme high α vir , which is to be expected given the evolved state of the region, with an expanding ring of material moving outward from the central 'hole', where an earlier generation of massive stars appear to have been born 65 (note that individual cloud fragments may still be collapsing). 30 Doradus also contains elevated α vir ; higher-resolution studies show that the CO gas in 30 Doradus has elevated CO linewidths, probably due to the highly energetic environmental conditions within 30 Doradus 66 . Conversely, N79 reveals sub-critical α vir throughout the majority part of the N79 cloud complex. This indicates that the N79 cloud complex is bound, and may be in a collapsing state.
Star formation rates (SFR) from MYSOs. Young Stellar Objects (YSOs) can be used to obtain a direct measure of SFR through SFR = N (YSOs) × M / t . Here, M ≈ 0.5 is the average mass for a fully-sampled IMF 67 . Whereas counting YSOs has previously been applied in studies of nearby molecular clouds, in the LMC we are limited to bright objects. Here, we assume that the luminosity of an MYSO is dominated by a single source. This assumption is motivated by observations of nearby star clusters (e.g., the Orion Trapezium 10 ). Subsequently, we use YSO models to estimate the mass of each individual source 44 and multiply the source mass with an IMF 67 to account for completeness. We choose 0.5 Myr for t (but see above). With these assumptions, the completeness limit (M > 8 M ) translates to a lower limit of SFR MYSO ∼ 100 M Myr −1 which we can detect in our observations of the LMC.
Many of the sources in our MYSO sample will break into small clusters when observed at high resolution 68, 69 . We estimate the uncertainty in our SFR MYSO measurement associated with multiplicity as follows. The reprocessed IR luminosity of the Orion Trapezium cluster would appear as a compact source at the resolution of our LMC IR maps. In the Orion Trapezium, the main ionizing source θ 1 Ori C emits 50% of the total luminosity of the cluster [70] [71] [72] . The IR luminosity would thus overestimate the luminosity of a single most massive source by a factor of ∼ 0.3 dex, which translates to an error of ∼ 0.1 dex in mass 15 . Therefore, we adopt 0.1 dex as our systematic uncertainty in SFR MYSO ; note that this assumes that the evolutionary tracks used in the YSO models are correct 73 .
Star formation rates (SFR) from Hα + 24 µm. We convolve the 24 µm map (from SAGE 39 ) to the resolution of our Hα map (resolution 0.8'; from SHASSA 74 ) , and correct the Hα emission for extinction using the 24 µm emission. We then transform the combined Hα and 24 µm luminosity, L (Hα) and L (24µm), to a SFR 75 : 
We note that Eq. 1 assumes a fully-sampled IMF, which can be attained by averaging over large spatial scales 76 such that each phase of star formation is probed. When studying star formation on smaller scales 77 these assumption may break down, which introduces stochastic effects that mainly affect the high-end part of the IMF. To account for this, we use the tool 'Stochastically Lighting Up Galaxies' (SLUG 76 ) to estimate to which extend stochastic sampling of the IMF affect our measured SFR. This process is fully described elsewhere 32 . The total SFR in the LMC measured through Hα equals 78 2.6 × 10 5 M Myr −1 .
Star formation efficiency per free-fall time. Can H72.97-69.39 become a 10 5 M star cluster? The current state of the (molecular) gas in N79 reveals that it is gravitationally bound and prone to further collapse ( Figure 6 ). We thus assume that the gas collapses on its gravitational timescale, the free-fall time τ ff = 3π/32Gρ, where ρ = M cloud /(4/3πR 3 cloud ) is the mean density, M cloud the cloud mass, R cloud the cloud radius, and G the gravitational constant. We adopt a formation timescale of 5 -10 Myr, motivated by the star formation history of the NGC2070 region 18 (including R136). In this timescale, we calculate that a total of 1.3 -3.7 ×10
5 of mass (molecular and atomic) can collapse to the centre of the N79 cloud from R cloud 30 -60 pc. Thus, to create a 10 5 M stellar cluster, a star formation efficiency per free-fall time (i.e., the fraction of mass that is transformed into stars 79 during τ ff ) of ff ∼ 0.27 -0.75 (0.50 -0.90 when only considering molecular gas) would be required.
The question whether or not a 10 5 M cluster is massive enough to eventually become a globular cluster ( 10 5 M ) 80 is not clear, given that young stellar clusters may lose a significant amount of mass through supernovae, stellar winds, and stripping [81] [82] [83] .
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